Summary
Opsonisation of heat-killed bakers yeast and C3 and C4 concentrations were determined in sera from 69 children with liver disease and 39 controls as simple screening procedures for abnormalities in the complement system. Where significant defects in these moieties were encountered, the activity of the following was measured: total haemolytic complement, C4, C5, total alternative pathway, factor B and D activities were measured. Complement activation was detected by the presence of C3d in EDTA plasma samples.
Yeast opsonisation, C3 and C4 concentrations and activities of all complement components measured were significantly (P < 0.001) reduced in all of 10 children with fulminant hepatic failure (FHF) and six with chronic active hepatitis (CAH). There was no consistent relationship between complement deficiency and standard tests of liver function. C3 breakdown products were identified in plasma from five patients with CAH and complement deficiency but not in three patients with complement deficiencies associated with FHF. ~omblement concentration and activity improved in children recovering from FHF and in CAH treated by immunosuppressants. Yeast opsonisation index was raised significantly without parallel increase in C3 or C4 concentration in eight of nine children with biliary atresia before surgery and 11 of 13 with alpha-lantitrypsin deficiency regardless of age or the presence of active liver disease. Yeast opsonisation indices became normal after successful surgery in patients with biliary atresia. Abbreviations CAH, chronic active hepatitis CH50, total haemolytic complement C3d, C3 breakdown products EHBA, extrahepatic biliary atresia FHF, fulminant hepatic failure INH, idiopathic neonatal hepatitis RID, radial immunodiffusion TAP, total alternative pathway Adults with liver disease have an increased incidence of infection (8) in which deficiencies in host-defence mechanisms have been implicated (6) . Patients with primary complement deficiency states have an increased incidence of infection (1, 3) and severe defects of complement occur in adults with liver disease (9, 10, 28) . Defective opsonisation of heat-killed bakers yeast, due to a specific defect in the alternative pathway of complement (23) that occurs in 5% of normal children (13) , is also associated with an increase incidence of infection (22) and has been reported in adults with acute liver disease (28) .
Similar studies on children with liver disease, in whom the pattern and pathogenesis of this disease often differs from that in adults (15), have not been reported. In this paper we describe the results of measuring yeast opsonisation indices, C3 and C4 concentrations in sera of 69 children with acute and chronic liver disease. Where deficiencies of these factors were found, functional activity of complement components were measured to determine the extent and mechanism of the deficiency.
PATIENTS AND METHODS
The 69 children were aged between 6 weeks and 17 years. The types of liver disease are shown in Table 1 . Diagnosis was confirmed histologically with or without other specific tests, for example, alpha-l-antitrypsin phenotyping in each case. Thirtythree patients had neonatal hepatitis syndrome, defined as obstructive jaundice in an infant under 4 months of age (16) . Our patients included nine patients with biliary atresia tested before surgery and five studied only postoperatively, as well as 19 infants with idiopathic neonatal hepatitis. Sequential studies were performed on four children with biliary atresia. They were also performed on two children who had recovered from fulminant hepatic failure and two with chronic active hepatitis.
Our study included 39 controls aged from 8 weeks to 15 years of which 10 were infants aged between 8 weeks and 4 months to match the ages of infants with the neonatal hepatitis syndrome. All were in-or out-patients without history of liver disease, allergy, or infection in whom venepuncture was necessary as part of their management. The 10 control infants were comprised of seven patients undergoing a variety of surgical procedures, including herniorraphy and pyloroplasty and three patients admitted for observation because of non-accidental injury. The 29 older children underwent either cold surgical procedures or had encopresis or enuresis and were referred to the outpatients service. Venous blood for complement and opsonisation studies was allowed to clot at room temperature. Serum was separated within 3 h, stored in aliquots at -70°C, and thawed once before use.
Yeast opsonisation was measured by the method described by Soothill and Harvey (22) . Heat-killed bakers yeast was mixed with a suspension of normal polymorphonuclear leucocytes in a 2.5% concentration of test serum in stoppered plastic tubes and incubated on a rotary mixer at 37OC for 30 min. The tubes were centrifuged for 5 min at 50 X g and the pellet resuspended in one drop of saline. A spread drop was dried on a slide and stained with May-Grunwald Giemsa stain. The numbers of yeasts in each of 100 unselected polymorphs was recorded (0-7 and >7). The results are expressed as an opsonisation index, being the mean number of yeast particles phagocytosed per polymorph. Duplicate tubes were set up on each occasion and sera from healthy and known defective patients included in each assay. The mean opsonisation index for the 39 controls was 4.0 + 0.6 S.D. (Fig. 1 ). In two of the controls (5%), the range was less than 2.5, which has been previously reported as defective (22) . Opsonisation indices for sera from the 10 infants aged between 8 weeks and 4 months did not differ significantly (t = 1.69, P > 0.1) from that for the older children with opsonisation indices of 4.3 and 3.9, respectively.
Serum concentrations of C3 and C4 were measured by radial immunodiffusion (RID system plates ICL Scientific Ltd.) and results expressed as % of normal human serum used as a control.
T h e mean serum concentrations of C3 a n d C4 for the controls
3) respectively. These values represent 108 + 21% S.D. of a control pool of healthy adults for C3 and 92 + 23% S.D. for C4. These differences were not statistically significant a n d none of the controls had deficiency of either factor when measured functionally.
When defects of yeast opsonisation, C3 and C4 were encountered, functional assays of CH50, C4, C5, TAP, factors B a n d D were performed using radial haemolytic diffusion assays ( I I, 14). Results were expressed as a % of control serum pool, which was included in each assay. Values for all complement components assayed in control children did not differ significantly from those for adult controls.
Evidence of complement activation was sought by measurement of C3d (17) in samples of fresh EDTA plasma collected from some of the patients with complement deficiency. Levels of C3d exceeding 2 S.D. of control mean (i.e., >0.7 mg/ml) were taken to be significantly elevated. Serum bilirubin, aspartate aminotransferase, alkaline phosphatase, albumin and prothrombin time were all measured by standard techniques. Data from groups were compared by Student's t test. Relationships between data were derived by calculation of correlation coefficients. RESULTS FHF. Yeast opsonisation was defective in the 10 patients studied: the mean opsonisation index (1.6 + 0.6 S.D.) being significantly reduced (t = -1 1.2, P < 0.001) compared with that for controls (4.0 + 0.6 S.D.) (Fig. 1) . There was a significant inverse correlation (r = -0.7, P < 0.05) between opsonisation index and serum bilirubin. Levels of C3 and C4 were also reduced (t = 7.48, 6.5 respectively, P < 0.001) with a mean of 52 + 16% S.D. and 39 + 20% S.D., respectively. Functional activity of CH50 and (TAP), C4, C5, factors B and D were each significantly ( P < 0.001) reduced to less than 45% of control (Table 2) but C3d was not detectable in EDTA plasma samples obtained from three of the children.
When two of the children with FHF were re-investigated less than 2 months later, at a time when liver function was normal, opsonisation and C3 concentration had risen to normal (Figs. 1 and 2), C4 was low in one patient, and at the lower limit of normal in the other (Fig. 3) . Opsonisation and complement components were also normal in two other survivors studied a year after their episode of fulminant hepatic failure (Table 2) .
CAH. Two children with Hepatitis B surface antigen negative CAH, studied at presentation before treatment with immunosuppressive drugs, had significant reduction of opsonisation indices (Fig. 1) and concentrations of C3 (Fig. 2) and C4 (Fig. 3) . These changes were accompanied by significant reductions in CH50, TAP, C4, and C5 and Factor B activities to less than 25% of control ( Table 2) .
Of the four patients on long-term corticosteroid therapy, the opsonisation index was reduced in three and was at the lower limit of normal in one patient (Fig. 1) ; C3 was reduced in the same three (Fig. 2) ; and C4 was low in all four (Fig. 3) . Mean functional activity of complement components in these patients (Table 2) was less than 50% of control and C3d was elevated (mean 1.3mg/ ml) in EDTA plasma samples obtained from each of the three patients examined. None had normal liver function. In five children treated with corticosteroids and azathioprine, yeast opsonisation and C3 were within the normal range (Figs. 1 and 2 ) whilst C4 was normal in three but reduced in two (26, 32% respectively; Fig. 3) .
The two patients with reduced immunochemical C4 also had low functional activity of C4, reduced CH50, and their plasma contained increased concentrations of C3d (1.6, 1.5 mg/ml). Both children had biochemic and immunologic (increased serum immunoglobulin and tissue autoantibodies) evidence of continuing disease activity. In two separate patients studied sequentially, opsonisation and complement components measured functionally and immunochemically increased during the course of immunosuppressive treatment. (Figs. 2 and 3 ). Increased concentrations of C3 (>152%) occurred in three patients and of C4 (>138%) in eight (Figs. 2 and 3 ). In addition, there was a significant (r = 0.9, P < 0.01) correlation between C3 and C4
concentrations. There was a significant positive correlation (r = 0.91, 0.90 respectively, P < 0.01) between yeast opsonisation and levels of C3 and C4 and a significant inverse correlation (r = -0.94, P < 0.01) between yeast opsonisation and prolongation of prothrombin time.
Extrahepatic biliary atresia (EHBA). Yeast opsonisation index (mean 5.57, S.D. 0.35) was significantly increased in children with EHBA before surgery when compared with both age-matched controls (t = -6.96, P < 0.001) or patients with idiopathic neonatal hepatitis (t = 6.2 P < 0.001; Fig. 1 ). Two children had low levels of C3 (Fig. 2) and one child had low levels of C4 (Fig. 3) but the means for the whole group, 97 + 32% S.D. for C3 and 86 2 35% S.D. for C4, did not differ significantly from controls or infants with idiopathic neonatal hepatitis.
~~s o n I s a t i o n indices weie also measured sequentially during the vosto~erative period in four children in whom a biliarv L A drainage procedure (hepatic porto-enterostomy, Kasai operation) was performed. Of the two patients (N.G. and J.S., Fig. 4 ) in whom biliary drainage was considered on clinical and biochemical grounds to be adequate, the opsonisation index became normal in one and defective in the other, whereas the opsonisation index remained elevated in the other two (S.W. and M.B., Fig. 4 ) in whom biliary drainage was inadequate. Sera from five other children with EHBA and satisfactory bile drainage, who were examined post-operatively but not pre-operatively, had normal opsonisation indices (Fig. 1 ) and C3 and C4 (Figs. 2 and 3) .
Alpha-1 antitrypsin deficiency. The opsonisation index was significantly increased in 12 of 13 patients with alpha-1 antitrypsin deficiency. The mean opsonisation index (5.38 + 0.35 S.D.) was significantly raised (t = 7.95, P < 0.001) in children with alpha-1 antitrypsin deficiency irrespective of clinical or biochemic evidence of active liver disease. Serum C3 and C4 levels were normal in all patients.
DISCUSSION
The deficiencies in yeast opsonisation and complement in children with FHF and CAH were of a similar order to those reported in adults with FHF (28) and in primary complement deficiency states (1, 3, 23) . These defects were unlikely to have been solely a function of the patients age because normal age-matched controls had levels of complement components and activity which did not differ significantly from those in published adult series (9, 10, 22, 28) . Whilst there is an increased incidence of both opsonisation deficiency (19) and complement activation (24) in young, and especially preterm infants, none of the children studied were of similar age or gestation to these groups. It is also unlikely that the defects were primary or congenital because they were multiple, reversible and unassociated with previous symptoms suggesting opsonisation or complement deficiency (1, 3, 23). Secondary defects in complement can be produced by failure of synthesis or excessive consumption of components and both have been implicated as a cause of complement deficiency in adults with liver disease (9, 10, 28) . Attempts to discriminate between these two mechanisms have been made, either by identification of complement activation products (17) or the use of turnover studies using radiolabeled complement components (26) . and nonparenchimal cells (5) . Because both may syntheiise complement (4), defective synthesis is perhaps the most likely explanation of the complement deficiency found in children with FHF. Failure to detect increased levels of C3 activation products (C3d) in the presence of low levels of C3 in EDTA plasma from three children in the present series and in adults with FHF (VerganiUnpublished) suggests that complement consumption is not a major feature. Comparative C3 and albumin turnover studies have also suggested that poor synthesis of C3 is responsible for low levels seen in adults with severe acute hepatitis (26) . But complement activation cannot be excluded entirely as the cause of complement deficiency because endotoxin and immune complexes, both capable of activating complement (7), are found in the sera of some patients with FHF (12, 27) .
Interpretation of data derived from the present series suggests that increased consumption of complement is the major mechanism responsible for complement deficiency in CAH because C3d could be-identified in all of the five plasma~amples obtained from patients with concurrent complement deficiency. The presence of immune complexes, capable of consuming complement, in these sera (25) and more rapid turnover of C3 compared with albumin in adults with CAH (26) would also favour this view. The low functional and immunochemical levels of C4 seen in some treated patients with active liver disease in the present study might imply that complement-mediated liver damage was occurring. Yeast opsonisation and functional and immunochemical levels of complement components improved in patients treated with immunosuppressants. Those patients treated with steroids and azathioprine had higher levels than those treated with steroids alone; however, both of these groups usually received treatment for longer periods so that interpretation of this data is difficult.
The complement deficient states present in FHF and CAH contrasted with the significantly increased opsonisation indices found concomitantly with normal levels of C3 and C4 in patients with both biliary airesia before surgery and alpha-1 anGtrypsin deficiency regardless of age or presence of active liver disease. Only one patient with EHBA had a normal opsonisation index before surgery and this fell into the defective range after surgery. His mother also had defective opsonisation (23) suggesting that he had an underlying primary deficiency state as may occur in 5% of the normal population (13) .
The diagnostic value of measuring opsonisation indices to discriminate between biliary atresia and idiopathic neonatal hepatitis was limited by overlap which occurred in values obtained from these patients. Possible explanations for the high opsonisation indices found in biliary atresia before surgery include: (1) the behaviour of the factor responsible for yeast opsonisation as an acute phase protein (21) (2) a variation of the normal pattern observed in young infants (19) ; (3) failure of biliary excretion of the factor responsible (as may occur with respect to secretory IgA (18)); and (4) increased synthesis of factors of the alternative pathway of complement after increased consumption during chronic inflammatory processes (20) . Because high opsonisation indices also occurred in patients with alpha-1 antitrypsin deficiency irrespective of age, degree of cholestatis or presence of elevated C3 or C4 levels, it is tempting to speculate that increased opsonisation in these conditions may have been related to the presence of chronic inflammation of the patient's inability to modulate it, as may occur in alpha-1 antitrypsin deficiency.
The practical importance of opsonisation and complement defects, whatever their pathogenesis, is their association with infection and an increased incidence of infection has been reported in FHF (29) . The natural susceptibility of patients with CAH to infection is more difficult to assess because such patients are treated with immunosuppressants, which increase this susceptibility; however, two children under our care with poorly controlled CAH and defects of opsonisation and complement have subsequently developed three episodes of spontaneous bacterial peritonitis. Plasma infusions correct opsonisation deficiency (23) and may be of therapeutic value in patients with protracted diarrhoea (2) . The role of plasma infusion in the treatment of complement deficiency associated with liver disease however, remains to be established.
The complement abnormalities reported here may have a role in the pathogenesis of the complications of liver disease, especially in infection. Their role in the pathogenesis of liver disease itself is more conjectural but certain aspects, for example the relationship between yeast opsonisation and the factors of the alternative pathway and chronic inflammation are worthy of further study.
